Computerized sulci atlas includes a mean representation of a standard brain in a standardized coordinate space, such as the Talairach's grid. In this reference system, differences between sulci at the surface of the brain are due to shape differences of the brain and to intrinsic anatomical differences of sulci. In this paper, four different methods are compared: non-proportional, global linear, local linear (Talairach) and non linear methods. From nine brains where sulci are labeled, a model of their mean location and its variability is computed. As expected, non linear method is the most accurate one, with fewer variations than others.
INTRODU~ION
Standard brain atlases [l-31 are useful tools for neurosurgical planning, interpretation of functional examinations (PET, fMRI, MEG), neuro-radiology, and several works deal with sulci atlases 14-61. When computerized brain atlases are to be build, they must include the best standard representation of the brain as well as information about the variations of its shape [7] . Two classes of variability can be distinguished : the frst one is predictable and relative to the variation of the size of the brain and to the shape of the surface of the brain. The second one is un-predictable and relative to the anatomical inter-individual differences of sulci. Standard Talairach space 181 deals with size of brain [9], but not with local shape.
Four methods for building an atlas of the human cortical sulci from 3D MRI are compared. They reduce the fist class variability and build a model of the second class variability. Sulci are represented as 3D curves drawn onto the external surface of the brain. The atlas will then be used for the automatic recognition of main sulci in MR examinations.
MATERIALS
3D MRI are obtained from the hospital of CAEN, from a General Electric SIGNA 1,5 T system, with SFGR 3D sequence (TI weighted, Te=Sms, TR=40ms, flip45O). Volumes are stored as 256x256~124 isotropic voxels (1,3 or I S mm3). 35 healthy volunteers (13 females, 22 males, 22-54 years old) were examinated to get measurements on brain, and nine of them for measurements on sulci.
METHODS
Six sulci (lateral, central, pre-central, post-central, superior temporal, superior frontal) have been identified on each hemisphere of 9 MRT brain by an automatic procedure [lo] . which draws 3D curves onto the surface of the brain. These curves have been validated by 3 medical experts. These 9 examinations compose our training set.
For each curve, the following features are extracted principal direction, center of gravity, length, depth, relations between curves (distances and vectors between centers of gravity). From the 9 curves which represent the Same sulcus on different brains, a mean (resp. variability) model of localization is built: a mean curve (resp. search area). Mean curve is the mean position of the 9 parametrized curves. Search area is obtained from the 9 curves, processed with hole filling and geodesic dilatation to obtain a compact zone.
Since size and shape of the surface brain are very different (see table I), mean curve and search area must be calculated in the same coordinate system for all the brains. Method 1: registration of the center of gravity of the brain. No scaling is performed.
Method 2: method 1 with scaling factor (length, height, width) along the three axes of the brain. projection onto the brain surface is done using the nearest neighbor method. Talaraich registration suppresses variability of size of the brain, whereas the projection aims at suppressing the variability of shape. There is no longer one standard brain: each brain becomes the reference when it is examined. The coordinate system is given by the Talairach space of this brain, and the surface of the brain.
RESULTS AND DISCUSSION Fig. 1 shows the 9 curves registered with the four methods for the lateral (sylvian fissure) and central (Rolando) sulci. From visual observation, we can see that method 2 and method 3 (Talairach) are quite identical. In fact, they are global linear (method 2) or local linear (method 3) methods. As expected, method 4 performs better, and the registrated sulci form a more compact area. Quantitative evaluation is given in table 11. The mean distance between the nine curves and the mean curvc is computed: this is a measure of the dispersion of the location of the sulcus in the coordinate system It must be as low as possible. Numerical results show that method4 always performs better )than others (up to 30%). Talairach space is quite equivalent, on the surface, to a proportional space (method 2). Remaining differences are due to anatomical intrinsic variations of sulci.
CONCLUSION
In our atlas of brain sulci, variation of size and shape of the brain is included in the sulcus model. Variability is taken into account by the mean curve of our model. Intrinsic variations are represented by the search area. They are obtained by a registration in the standard Talairaclh space, followed by a projection onto the surface of the brain. The first step corrects influence of the size of the brain on sulci and the second one the influence of the shape of' the surface on sulci. Our model can be used for automatiic identification of main cortical sulci on 3D MRI.
